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,QWURGXFWLRQ
7KH VWDUWLQJ SRLQW RI WKH UHVHDUFK LV GLUHFWHG WRZDUG FRQYHQWLRQDO H[WUDFWLRQ WHFKQLTXHV WKDW KDYH VRPH
OLPLWDWLRQVVXFKDVPDVVWUDQVIHUUHVLVWDQFHVGXHWRWKHLQYROYHPHQWRIPRUHWKDQRQHSKDVHLQWKHV\VWHP>@WLPH
FRQVXPLQJ DQG ORQJ GXUDWLRQ YDU\LQJ RQ WKH GLIIXVLRQ UDWHV RI VROYHQWV WKURXJK WKH SRUHV RI WKH PDWHULDOV KLJK
HQHUJ\FRQVXPSWLRQ>@$QRWKHUPDMRUGUDZEDFNRIWKHFRQYHQWLRQDOH[WUDFWLRQSURFHGXUHLVOLQNHGXSWRWKHKLJK
WHPSHUDWXUHVDQGVHYHUHSUHVVXUHVWKDWFDQGHVWUR\WKHDFWLYHPROHFXOHVDQGGDPDJHWKHTXDOLW\RIWKHH[WUDFW>@
$PHFKDQLFDODSSURDFKRI WKHH[WUDFWLRQ VKRXOGEHDYRLGHGGXH WR LWVSRRUHIILFDF\&KHPLFDOH[WUDFWLRQXVLQJD
KXJHTXDQWLW\RIRUJDQLFVROYHQWVKDVDPDMRUDQGKD]DUGRXVLPSDFWRQERWKKXPDQEHLQJVDQGWKHHQYLURQPHQW>@




7KH DFWLYH PROHFXOHV ZHUH H[WUDFWHG IURP JUHHQ QXW VKHOOV XVLQJ D JUHHQ ZDWHUVROYHQW H[WUDFWLRQ V\VWHP E\
UHIOX[LQJ8$( IRU DW OHDVW WZRKRXUV7KHG\HLQJPHWKRGRORJ\ DVVXPHV WKHXVHRI G\H H[WUDFW DQGELRPRUGDQWV
VXFKDVFLWULFDFLGDQGWDQQLFDFLGE\FRPSDULVRQZLWKDFODVVLFPRUGDQW7KHUHWHQWLRQWLPHRIWKHMXJORQHH[WUDFWHG
IURPZDOQXWVKHOOVZDVSHUIRUPHGE\FRPSDULVRQZLWKWKHUHWHQWLRQGXUDWLRQRIV\QWKHWLFMXJORQH
7KHPHWKRGRORJ\ZH SURSRVHG LQ WKLV VWXG\ LV DQ ³DGG RQ´ VWHS WR WKH H[LVWLQJ SURFHVV KDYLQJ WKH IROORZLQJ
DGYDQWDJHV PLQLPXP DOWHUDWLRQ RI WKH DFWLYH PROHFXOHV DSSOLFDWLRQ LQ VHPLDTXHRXV H[WUDFWLRQ ZKHUH RUJDQLF
VROYHQWV FDQ EH SDUWLDOO\ UHSODFHG ZLWK VDIH VROYHQWV VKRUWHQLQJ WKH H[WUDFWLRQ WLPH 7KH XOWUDVRXQG DVVLVWHG
H[WUDFWLRQ LV PRUH HFRQRPLF WKDQ WKH WUDGLWLRQDO H[WUDFWLRQ SURFHVVHV EHLQJ D PXVW KDYH IRU D VXVWDLQDEOH
GHYHORSPHQW>@
$QRWKHU FRQWULEXWLQJ UHVSRQVH RI WKLV VWXG\ KDV DV NH\ SRLQW WKH GLIIHUHQFH UHJDUGLQJ WKH FU\VWDO RU SDUWLFOH




7KH LPSDFWRI WKLVVWXG\FRQVLVWVRI WKHDSSOLFDWLRQRIQDWXUDOH[WUDFWVRQSRO\PHULFVXSSRUWVQDWXUDODFWLYHE\
LQYHVWLJDWLQJ WKH PHFKDQLVPV WKH HVVHQFH EHLQJ D VXVWDLQDEOH LQQRYDWLYH ODERUDWRU\ H[SHULPHQW RI QDWXUDO G\H
H[WUDFWLRQ IURP GULHG QXW VKHOOV DQG G\HLQJ RI ZRRO DQG SRO\DPLGH 3$ SRO\PHULF VXEVWUDWHV DVVLVWHG E\
ELRPRUGDQWV
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([SHULPHQWDOSURFHGXUH
$TXHRXVH[WUDFWLRQ





WKLVWOH RI WKH 6R[KOHW H[WUDFWRU DQG D PL[WXUH RI ZDWHUHWKDQRO ZDV XVHG DV VROYHQW 7KH WHPSHUDWXUH RI WKH
LQVWUXPHQWZDVPDLQWDLQHGMXVWEHORZWKHERLOLQJSRLQWRIWKHXVHGVROYHQW6HYHUDOF\FOHVRIVROYHQWZHUHUXQIRU




8$(ZDVFRQGXFWHGE\PL[LQJGULHGDQGJURXQG VDPSOHVRIJUHHQZDOQXW VKHOO LQPHWKDQRO7KHVDPSOHZDV
WKHQSODFHGLQDQ(OPDVRQLF6+XOWUDVRQLFFKDPEHUIRUPLQ7KHXOWUDVRXQGFKDPEHUKDVDIUHTXHQF\RI
+] XVLQJ GLIIHUHQW VRQLF SRZHUV : IRU GLIIHUHQW WLPH LQWHUYDOV PLQ ,QLWLDOO\ WKH H[WUDFWLRQ
WHPSHUDWXUHZDVVHWXSDW&DQGDIWHU WZRKRXUVLWURVHXSWR&7KHH[WUDFWLRQZDVUHSHDWHGWZRWKUHH
WLPHVDQGWKHH[WUDFWVZHUHFROOHFWHG7KHVROYHQWV\VWHPZDVHWKDQRO(W2+DQGZDWHUP/RIELVROYHQWV\VWHP
ZHUH LPPHUVHG LQ DQ (UOHQPH\HU IODVN RI P/ FRQWDLQLQJ  J RI GULHGZDOQXW VKHOOV ,Q RUGHU WR DYRLG WKH
HYDSRUDWLRQRIWKHVROYHQWWKH(UOHQPH\HUIODVNZDVFRYHUHGZLWKDWKLQILOPRIDOXPLQD7KHSRZHUOHYHOZDVVHWDW
DPD[LPXP OHYHO  DQG WKH WHPSHUDWXUHGXULQJ WKHKRXU H[WUDFWLRQSHULRGZDVPDLQWDLQHG DW &7KH
WHPSHUDWXUHZDVFRQWUROOHGDQGPDLQWDLQHG EHORZ&WKURXJK WKHSHULRGLFDO UHSODFLQJRI WKHZDWHU LQ WKHEDWK
ZLWKFROGRQH&$IWHUZDUGVWKHIODVNZDVWDNHQRXWDQGFRROHGGRZQWRURRPWHPSHUDWXUHXVLQJZDWHU7KH
H[WUDFWZDVILOWHUHGXVLQJ:KDWPDQILOWHUSDSHUDQGWKHVROXWLRQZDVFROOHFWHG7KHUHVLGXHZDVLPPHUVHGEDFNLQ














7KH H[SHULPHQWDO FRQGLWLRQV RI MXJORQH GHWHUPLQDWLRQ E\PHDQV RI LWV VWDQGDUGUHIHUHQFH LQFOXGH DQ DFHWRQH
SHUFHQWDJH LQPRELOHSKDVH  WKHPRELOHSKDVHS+ZDVPDLQWDLQHGDWE\XVLQJ3%6 SKRVSKDWHEXIIHUHG
VROXWLRQ DQG D FROXPQ WHPSHUDWXUH RI & ,Q WKHVH HQYLURQPHQWDO FRQGLWLRQV WKHPD[LPXP RI DEVRUSWLRQ RI
MXJORQHGRHVQRW LQWHUIHUHZLWKRWKHUFRPSRXQGVH[WUDFWHGIURPZDOQXWVKHOOV$QHOXWLRQ WLPHRIDW OHDVWPLQ
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ZDV FRPSXOVRU\ LQ RUGHU WR UHPRYH WKH XQGHVLUHG FRPSRXQGV SUHVHQWHG LQ WKH H[WUDFW 7KH IORZ UDWH DQG WKH
LQMHFWLRQYROXPHZHUHPOPLQDQGO







7KHPHDVXUHPHQW RIFRORXU UHVSRQVH RI WKH VWXGLHG VDPSOHVZDV FRQGXFWHGZLWK D VWDEOH ODERUDWRU\'DWDFRORU
70/$9UHIOH[LRQVSHFWURSKRWRPHWHU
5HVXOWVDQGGLVFXVVLRQ





VWDQGDUG MXJORQH ,Q H[SHULPHQWDO FRQGLWLRQV WKH UHWHQWLRQ WLPH IRU MXJORQH LV DSSUR[LPDWHO\  PLQ DQG LWV
LGHQWLILFDWLRQLQWKHVROXWLRQZDVPDGHE\FRPSDULVRQZLWKWKHUHWHQWLRQGXUDWLRQRIVWDQGDUGMXJORQH7KH+3/&
WHFKQLTXHTXDQWLWDWLYHO\KLJKOLJKWVWKHHIILFLHQF\RIWKHHFRORJLFSURFHGXUHRIMXJORQHH[WUDFWLRQ,WFDQFHUWDLQO\EH
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&RPPHQWVRQMXJORQHVSHFWUD
'LVFUHWH )RXULHU 7UDQVIRUP FDOFXOXV ZDV SHUIRUPHG LQ RUGHU WR REWDLQ ,5 DQG )75DPDQ VSHFWUD RI MXJORQH
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7DEOHDOVRUHYHDOVWKHFRORXUFRRUGLQDWHVPHDQLQJOXPLQRVLW\DQGFRORXUGLIIHUHQFHVIRUWKHSRO\DPLGH3$
DQG3$ VDPSOHVG\HGZLWK H[WUDFWV$DQG%7KHYDOXHVRI OXPLQRVLW\ DQG FRORXUGLIIHUHQFHV DUH FKDQJLQJ LQ
WHUPVRIWKHPRUGDQWW\SHXVHGLQG\HLQJSURFHVVFRSSHUVXOSKDWHFLWULFDQGWDQQLFDFLGV
$ KLJK FRORXU GLIIHUHQFH LV QRWLFHDEOH DW VDPSOHV G\HG ZLWK H[WUDFW $ DQG % ZLWK WKH DVVLVWDQFH RI ERWK










H[WUDFW%DUHSDUWLDOO\ UHG\HOORZLVK WLQWHGDQGSDUWLDOO\JUHHQLVKEOXLVK7KHSRO\DPLGH 3$DQG3$ VDPSOHV
G\HGZLWKH[WUDFW$DUHUHG\HOORZWLQWHGZKLOHWKHRQHVFRORUHGZLWKH[WUDFW%DUHGLIIHUHQWWLQWHGVRPHRIWKHP
DUH UHG\HOORZLVK WLQWHG DQG VRPHRI WKHPDUHERWK JUHHQLVK\HOORZLVK DQG HYHQEOXHJUHHQLVK7KHSUHVHQFHRI
FRORXULQWHQVLW\PHDQLQJWKHG\HGHSRVLWLRQLVQRWLFHDEOHZKHUHWKHFRORXUPRGLILFDWLRQVDUHGHWHFWDEOH,QFDVHRI
FRORXUGLIIHUHQFHLVQRWFRQVLVWHQWWKHELRPRUGDQWRFFXUUHQFHZRXOGEHVXFFHVVIXOO\XVHGLQWKHG\HLQJWHFKQRORJ\
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7KHYDOXHVRIFRORXUGLIIHUHQFHIRUSRO\DPLGH3$DQG3$VDPSOHVG\HGZLWKERWKH[WUDFWV $DQG%DUH
ZHOO GHSLFWHG VWUHVVLQJ WKH OLQHDU FRUUHODWLRQ DVVLJQHG WR WKH VDPHPRUGDQW FRQFHQWUDWLRQ  RU  WKH FRORXU
PRGLILFDWLRQSURJUHVVLYHO\GLPLQLVKLQJIURPWKHVDPSOHVG\HGE\DVVLVWDQFHRIFRSSHUVXOSKDWHWRZDUGV








7KLV VWXG\ UHYHDOHG WKH HIILFLHQF\ RI MXJORQH H[WUDFWLRQ SURWRFRO LQ DQ DTXHRXV PHGLXP IURP JUHHQ ZDOQXW
VKHOOV WKURXJKDFRPSOH[V\VWHPRILQYHVWLJDWLRQ+3/&,55DPDQDQG6XUIDFH(QKDQFHG5DPDQ6SHFWURVFRS\
6(56SUHVHUYLQJWKHKLJKSXULW\DFWLYHQDWXUDOG\HPROHFXOHIURPQXWVKHOOMXJORQHHYHQXQGHUWKHFRQGLWLRQV
RI DQ H[WUDFWLRQ SHUIRUPHG LQ D ZDWHUHWKDQRO VROYHQWPHGLXP 6HFRQGO\ WKH VWXG\ HQYLVDJHV WKH DSSOLFDWLRQ RI
WKHVH DERYH PHQWLRQHG G\HV RQWR QDWXUDO DQG V\QWKHWLF VXEVWUDWHV PDNLQJ D FRUUHODWLRQ EHWZHHQ WKHLU FRORXU
DWWULEXWHV DQG WKH ILEURXV FRPSRVLWLRQ RI WKH VXEVWUDWHV WKH\ DUH DSSOLHG RQ +3/& FKURPDWRJUDSK\ UHYHDOV DQ
HIILFLHQW HFRORJLF H[WUDFWLRQ SURFHGXUH %HVLGHV WKH UHIOX[LQJ GXUDWLRQ LQ WKH H[SHULPHQWDO SURWRFRO RI MXJORQH
H[WUDFWLRQ LQ ZDWHUHWKDQRO VROYHQWPHGLXP IURP QXW VKHOOV LV DOPRVW WKH VDPHZLWK WKDW EHORQJLQJ WR V\QWKHWLF
MXJORQH,WFDQEHDVVXPHGWKHUHLVDFRUUHODWLRQEHWZHHQSRO\PHULFVXSSRUWV±G\HLQJVWDELOLW\FRORULQWHQVLW\7KH








LGHQWLILFDWLRQ RI SRWHQWLDO WHFKQRORJLFDO DOWHUQDWLYHV DSSOLHG LQ HFRORJLF ILQLVKLQJ RI V\QWKHWLF DQG QDWXUDO WH[WLOH
VXSSRUWVTXDQWLILHGDQGFRQWUROOHGE\FRORULPHWULFUHVSRQVHDWWULEXWHV
$FNQRZOHGJHPHQWV
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